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Microstructure and Thermal Stability of AI 2 03/Y3Al50 12 (YAG) Eutectic Composite 

Prepared by an Arc Discharge Method 

Toshinori ISOBE, Mamoru OMORI* and Toshio HIRAI* 

Department of Materials Science, Graduate School of Engineering, Tohoku University, 2-1-1, Katahira, Aoba-ku, Sendai-shi 980-8577 
*High- Temperature Materials Science, Institute for Materials Research, Tohoku University, 2-1-1, Katahira Aoba-ku, Sendai-shi 980-8577 

Eutectic composite of Al 2 0 3 /Y 3 Al 5 0i 2 (YAG) was prepared by an arc discharge method and its microstruc- 
ture and stability were investigated. The eutectic composition of A1 2 0 3 /YAG determined by electron probe 
micro analysis (EPMA) was A1 2 0 3 : Y 2 0 3 = 81.6 : 18.4 mol%. Basic eutectic microstructure was a twinned 
single crystal of A1 2 0 3 and YAG. The size of crystals was about 0.2-1 fim in width. The fine eutectic micros- 
tructure about 0.4 /im in width was oriented. The eutectic composite was stable at 1773 K for 28.8 ks in air, 
but resulted in grain growth at 1873 K. [Received July 24, 2000; Accepted October 11, 2000] 

Key-words : Alj0 3 , Y3Al s 0 12 , Eutectic composite, Microstructure, Thermal stability, Arc discharge 



i. m m. 

Al 2 P 3 -Y 2 O i m2 7t^'ikmm<^\C\t, YsAlsOiz (yttrium alu- 
minum garnet (YAG)), YA10 3 (yttrium aluminum perovskite 
(YAP)), Y 4 A1 2 0 9 (yttrium aluminum monoclinic (YAM)) <D 

<t£%)m>ft&irz>. ctib=-o<Dit-£%im±, wml mm 

gffi, =-3<Dit£%}m<Q*Vi>, #fC YAG A1 2 0 3 /YAG 
<0 A1 2 0 3 /YAG# B B B «£#*4#, mUfrb&U (1673Ktl±) 

LfrL, m^<Dir<X<Dm^Xii, A1 2 0 3 /YAG * H B B ^^M 

n®r?wc-iofiM®mfrm^tix*s<o , xmt<D*x±i* 
temmctc^x^z. 

»»isfe#*5. i&<o®i&&t}tgiix7-?®®imte, am 

^ICigKfi (3000KfeLL) trmbtlZ, tf^'J-V&x*^ 
*f-X-&Z>, (3)x*;l/^-a*#'>&Vs (4)gSO«?j£# 
i/vDi'X&httZVftgitt-tZC tfrh, -tr^5 v97^*? 

mm£M&<Dmwcmitz®Mmx$>z,. l^l, 7-^@i* 
&*m\-ximitcAuo 3 /YAG#& l m£nn<D®.®.m&, s. 

tffittXit, T-7®mm--Z 0 Al 2 0 ;i /YAGO&B B B &3cR. 
■mJsLO- bWPA yj-VtZir-? r_. Jg(C, C O^Sh & &&&& la«"J 

k fribi873 K<o&&&mztei.>x&.%*x-mta l m%ft*>\ # 



X^*3-£§fc£-f 1273K<7)SST?86.4ksftiftL7t 

S-fijatCffiL, x^y-^T-iosksE^bTt. ^<d- 

g-S-©**S^$*. </>20x5mmtCflEf&J3c^L, 1273 K 
CT3.6 ks NHEMLTfifttttrftlKLfc* CO{EfS#£-7-? 
^li^ (jficTESIgf, TAM-3-3) fcffi^-CiffiKL, ^£#1* 
*fFl!Lfc. ^S^#(±, 3xlO-3Pa*-C'JtSg^^, 2.7 x 
10* Pa tXMm&Ai (99:999%) ^^iAL, Hi2j7-7 
mBE20~25V, 7- ?!ISft200~250 mA, $J$?B#|ii]10~15s 

fiJiOftRftOfc*.' *i^T-liCO(IMl*4|El4tl 
ilL-fToTt. 0 1 K7-**»£Tfls«L3fetI**m<9*r«H 




2. *^>£ 



Fig. 1. External view of the specimen prepared by an arc dis- 



fiBKSScJft ftfi 
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»8, RAD-C) fcfflWc. SJJJg&fMi, Cu Srfliffl L, 
20=10-80'. X^^v^g2 , /min^fTo/c. M^M^f- 

S-6100H) fcffiV'fc. a£#*40Sft£#T{Cl±, EPMA (B 
JXA-8621MX) -&%^tz. 

*C. &&gffig 1573 Kj$>& 1873 K, lftftSWW28.8ks * 
& 172:8 ks 0*frT-«lftSS:fTiS SEM «rJB^-C£««S* 

3. 

3.1 

111 2 Cft^fi&ft A1 2 0 3 -Y 2 0 3 £ 2 5c**JBBI«:55+ 1s >. *W 
■JBtftt, !3 2JC^i-J:5(CS* B B H m^W (13mol%Y 2 0 3 ), 
* B a 8 «^#« (18.4mol^Y 2 0 3 ), (23mol% 

y 2 o 3 ) o 3mm<D&G#n*7-?mi&m*M^xr¥MLfc. 

tfT®MX-&Z. E#ARtf«# Alt Al 2 0 3 i 

YsAlsOu (YAG) <sp2«a»e>&0, Y 2 0 3 SsiPgOiiJaH#^ 
A1 2 0 3 OlHl*T^Kttii < & «3 . YAG <DE]3JT&gte& < fc -> 

**KS«#4«-r 5^TlBtt#*-9fc. #(CYAG(1, ^Sttt 
- 1S> P>St-^iITt s V>-p rt^ A1 2 0 3 i: YA10 3 (YAP) O 2 JSC, 
JS#J**jBL. HC&^7£C£^YAG#£j£73i$ftT 
V*5»~». L-*»U*W*-CI±. B3€>»*XiR|Hl*fH»Cw 

*±e>c, YAP<Dia#ft:-^f±B«>e)ii4*>ofc. 

i 0 , A1 2 0 3 /YAG #a*#«0fls»CS«iq*H%*P7n 
<D7 - * * JS V > fc»£-C * A1 2 0 3 /YAG © 2 « O * 

H 4 (±, &# B B B ia**«^Sfiofilia»<!) sem mas 

a*Aa-S-#*fO Y TcSf©^ -y £V 5 . E3 4(b) 

^«#YAG-e*9, «vvffl#Afe0 3 T?&;5,c: * 
fc, 04(a) £(b)fC»±, **l**lOlDA*fllDHtr.I:$e 
A1 2 0 3 £ YAG <r> 2 ffiiiJiftC* -y r/U**^ L^H^ 
l//m giJ^O A1 2 0 3 t YAGO«IB&**li«<>llB-e*fc. 
El 4(a) t (b)0**l**l*JA £35 B B B *J& 0 Btr# B B B ffil*OW^ 
tl5i, E#Att£*mE"3^TM:, fcJAAlaOsOJIIOfc 

yag twomz, %<om <o lt^s© fc# 
i, m&fk&sttmz^xu, ^ B B B YAG^o^its*f B 

"9 HA,T*^ £ . Sundquist £ Mondolfo (}, # -y 
«*4:*iC-f*««-fiO»HSft«rH^. #Afi«Cit«fcO 
H4*i*»AO##, &£km®<Dt SC»*C«^Jt • 
* ffi C & £ <!: $g £ L T <^ S 17) . * 7t , Schmid £ Viechnicki 
tt. 7'J v^V&«rffiV*rff*Lfc AW)s/YAG«»3lCf ZrQ,/ 
Al 2 0 3 * B B B ^^W 18 )cD^ B B B i* B B B ffl^<DK«*«« L. **i 
YAG £ Zr02*MSfr&Ai£fK#i£&& •? HA-"?^?. C t 
frb. YAG £ Zr0 2 #* B B B g{@© £ • fiScg 

■tzi&x-%>z>tm&Lx^z. *mft<D®&k&f B ®.m<D®% 

<b Schmid i: Viechnicki 2: iD^TS 5 Z t P>, 

LXIa, A1 2 0 3 /YAG # B B B MjK£^Si:!fcIP> kftSfhT 
3 £ , »*C YAG • ** L . fi»ttji£*P#£ C 

A1 2 0 3 #£$7 h1o<Ot°%Z.btiZ>. 

*JE*£#fLfcl£*-C*3. *»*TM±. A1 2 0 3 i: YAG 
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Fig. 2. Schematic phsse diagram for the AI2O3-Y2O3 system. 




Fig. 3. Typical XRD profiles of specimens, (a) hypo-eutectic 
composite and (b) hyper-eutectic composite. 



Table 1. Result of Quantitative Analysis, of the Eutectic Micros- 
tructure by EPMA 





Y 2 03(moI%) 


AI2O3 (mol%) 


hypoeutectic 


18.4±0.9 


81.6±0.6 


hypereutectic 


18.3±0.8 


8I.7±0.7 



mmntL, ****io,£icov*T«jg*ffofc. ai 2 o 3 / 

YAG * B B B m til K o V * X lit , Old t Otto 19 ^ t Waku e> 15) t±- 
18 mol^Y 2 0 3> Caslavsky t Viechnicki 5) fi 18.3 mol%Y 2 0 3 , 
Mizutani £ 20 > tt 18.5 mol%Y 2 0 3> Viechnicki t Schmid 3 Hil8.7 
mol^Y 2 0 3 , Noguchi t Mizuno 21) te22.5 mol%Y 2 0 3) Toropov 
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- -mm-^-nW. •■CffWLfc AljQs/YsAlsOw (YAG) *,WiWrrWfV>ai« '^'tfh^cttrt 




Fig. 4. SEM irfrage and EPMA analysis of composite, (a) hypo- 

v.itvx^c composite, "b; hyper-euiecrlc -/omposite and (c) EPMA 



J8o¥^fIfil8.4 mol^o Y 2 0 3 - : 0 , Caslavsky t Mizuta- 
ni fbOfflO+HT'fcort:. 
3.2 

El 5 (*/ EMPA T^cV)/-^ 5 9 Btl^:'C^L f#^ti/c* B B Q ^ 
^*tf4^ SEM fft-c* « . i&'rs Y h ^ y h 2HC J: 0 
fiffltt+cO YAG <7)ft«^¥(143 vol 3ft -e*>ofc. 

*#28 vol°« .t s > i i ^ fr( : :i$\-V:M:& 28 vol% ± 0 * 

OA1,0 : /YA(; JtiftfllfR WO. ': YAG^AS^ttftjif;: 
^ o v\;; . .. . X 1 ^; . ;;V>^,H,ffi^f+h7 / />-4i//*28 vol?£J; 

*iffi» ft ttft^mi»<Oftf9U vol% :.t. W 5(a)cO J: -5 &*Si& 
0.2 /im /;>i-> 1/im ifi" 5 * 4, ' * W/nU^C&o /c. COi 
9 4" Ai,0,/YA(; Jt r Hiai»J.t. Mnh ^yft^ffl 




line 



t^^^fo^g^j; polished surface (20j 



■ : .;ttWJ8C-38v- 



"001063 WlIflB' 10.W x3.0K-: ;iO/:iB:.. 






^OT®J®f polished surface (2) 


-v. 03-DBC-98 


.001077.; raum itow x3.ok .^o^f. 



(e) 

SEM observation 

polished surface J 




Fig. 5. SEM image of eutectic composite, fa) basic eutectic 
micros truclu re. lb) line eutectic microstmcture, (c) basic eutectic 
micros trucl ure uill observation;. C cl * fine eutectic microstructure 
(tilt observation! and (e) illusimt inn of observation method for (c) 
and fdh 
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^ X M 10 lira fltj ft B H H aiS 7 '« 12j * , 4 jfc EFG £ 7 -' 4' ffl v ' T 
♦10.5 //m „ m fJ^(7)^ B B H affi fc <ElT ^ * ■ 

(C li. [* 5 ( b) CO 4: -5 4 M0.4 frftOfitt t> ft vol^I 
JtlESSft/c. C<OJ: ■5&fl«|± 1 ViechnkKi ^ Schmid 4 '^ 
7'J y"7Vffi*ffll«T-l/imfjttoa*«:. Mah P> 7 '#3, 

* < ogHt^-t 5 5 -y ? *o#fifi«<D»isiifi a i mmm 

fv tOHCtt, A*v=i?(cpnst.) OBa^'dEOfio"'. CC 
;|10flJ*fc£CJ:oT€*5J£ftT**. Epelbaum P> 25 HiC 

OH**, Ai 2 o 3 /YAG& B B B &®tcoi^^fi^ a?^, 

v (( , mW = lOOOHftC * 5 LTV • #W?EO*b b b &« 

iHfefclklS[L-C*HaKv*i**C**.V^*-C*5. 

*Alt*#ffO»«*3*5c»C|!l*i-*yt*, H5(e)tC 
Sti^i:, 45* Cig@#$rWJ§LSEM»lII*f7-?*:*§il B ; 

H5(c)t-(d)T7*5. B5(c)ii3, &A£ft#, 3 &7C&*J 
CXIt L fcfiil-C* 5CiW5. * rt: IS 5 (b) Offilsfi , 
01 £ SGjCBfil LTSKffclftia*-?* 5 c £ 5 • 

7-?*»»tt. *n* tmt-r 

■T*TI16tt#*5. *9f5STi±. jSB»*2~10gfCSC<t$ 
*. EC»»!Hia*ft*4lii4-effv^fi««*«:?Tofc3i*>, 

&±<Dztfrb, T—?.mi>m<uii? c&mtt&iH^x 

>b. K£»IJ&-^^ffiO^T?flNKLfc#JI^J: 0 fcfMfe 

3.3 ft B B a a^w4ro«ig$^i4 

06 tt, ieffl^St+fCteV^-C, 1773-1873 K<D£g$5BT- 

28.8 ks hnmui%4t-9 (6^&msk<omit^ l fc to-e 

£t>. 1773KT-fiMaLfc*B B B m^#*4€>fflaii, £5813*1 
Oi«'(B6(a)) tiftlI<Dfil (0 6(b)) ©HC**4 
2ft«±*6*ift*-9fc.. 1873K-T:^MSL/c* B B B tt^ 
#»Ofl«tt. efte«*«riSCL, ^AiafJ€>m^ (0 6 
(c)) £&&g&€>ffi« (0 6(d)) £©MC**fc»fl;#.a& 
El 6(c) {±, 05(a), (b)»C^t/c--P^* B B B a^ 

SJ«**ec:L-a*rt:. 
JSa-C<DAl20 s /YAG*Ali«O«3ettC-3V vi C»±. Yang 
£ Clegg i^ 101 * EFG ffi-CfFS L A1 2 0 3 /YAG # B B B i$iif« 

^*m+i773K-cssi!istrfT^, .*wsetn»K. 

**SAe***iSCLafl:-f Si«*L'TV^S. C*iC»L 
T, Mah lb 12) £ Waku £> 15 Mi, 7 'J v i?-rvatff^»Lfc* 
B B B ft§#*1973 K T?*MUS*rfTV\ *ftlMHCjefl;#4i:& 
V n C £ 4» 6 , 1973 K T fc fflg£#SST- £ S £ ft£ L X V * 5 . 

S. #*fi«Q»iI-eo£jettCtt. (l)* B B B &i!t<OE6tt. 
(2)* B B a Sil+C»WlS (6<fc&£) Oil:, (3)# B B B &$jO-tM 
X, (4)**fitt, &£-#^IF-t£ 8) - 26) ' 27 >. *#r3E<D# B B B $£# 

fc&£Ofc»#£<S«LT^5fc©fc%;te>*lS M, * 7) . 4 
7t, 1973 KXm^*ftr>Xi}m.mz.mtft&htlt£\^ Mah 
e>">t Waku (b' 5 ><9# H B B |&j&<D1t4%f±, «I10~15^m-C* 




Fig. 6. Relationship between heat treatment and microstructure 
of eutectic composites, (a i eutectic composite before heat treat- 
ment of (b) , (b) heat treatment at 1 773 K for 28.8 ks. fc) eutectic 
composite before heat treatment of vd! and (d! heat treatment at 
1873 K or 28.8 ks. 
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4. *g g 

(1) EPMA £ ^ T 3< a£> /c A1 2 0 3 /YAG * ft fifc fc, ' 
A1 2 0 3 : YA-81.6 : 18.4 mol#T?*-9 fc. 

(2) 7-^*»ftoJ:e>K:«*&35rS^vxt t , 

-X; *"3-:frfi*Hfe-ef!F»Lfc#ftffl*J: HMi*f a 

(3) 7-7M4£T»ibft/c#ft|&j£li, *j^01773K 

•e-o28.8 ks o«was*#t?»±s?ie-c* 5 c 4 #b e>*c & , 

fc.. L*U 1873K T28.8 ks 0*W&3*fr$ 4*§ftftj££* 
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